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Description

Field of the Invention

[0001] The present invention relates generally to inte-
grated circuit fabrication, and more specifically to inte-
grated circuit fabrication with plasma reactors.

Background of the Invention

[0002] Plasma reactors are commonly used for semi-
conductor processing. As disclosed in U.S. Patent No.
4,918,031 to Flamm et al. (hereinafter "the Flamm Pat-
ent"), plasma reactors are used for material formation
and removal on wafers. Material formation is accom-
plished by plasma enhanced chemical vapor deposition
(PECVD). With PECVD, a plasma and precursor gases
are combined in a reactor to form a material on a wafer.
The precursor gases may be, for example, silane and
ammonia. The plasma provides the energy to breakdown
the constituent elements, such as silicon and nitrogen,
of the precursor gases. Constituent elements that have
high affinity for one another combine to form the desired
material, for example silicon nitride, on the wafer.
[0003] Alternatively, plasma reactors are used to re-
move material from the wafer by etching. The plasma
reactor can be used during different processing steps to
remove different materials, including oxides, aluminum,
polysilicon and silicides, from a wafer.
[0004] If used for etching a wafer, the plasma reactor
will contain a reactive gas, such as a fluorocarbon or
chlorine at a low pressure. The type of gas used in the
plasma reactor depends on the corresponding material
to be removed from the wafer. It is preferable to etch
specific materials on the wafer with plasmas of certain
gases because the plasmas selectively etch the specific
materials at relatively high rates.
[0005] Construction of a plasma reactor will now be
described. The plasma, gases, and wafer are contained
in a chamber of the reactor. The chamber is substantially
formed by metal, such as aluminum, that is electrically
grounded. Portions of the chamber interior may be cov-
ered with an insulating liner, made from quartz or alumina
for example. The chamber has at least one open surface
that is sealed by a dielectric window. The dielectric win-
dow may be formed from quartz, alumina, silicon nitride
or aluminum nitride.
[0006] Outside the chamber, a radiator, such as a coil,
is placed proximate to the dielectric window. The coil may
be planar or cylindrical. For example, the TCP series of
plasma reactors 120 made by Lam Research, Inc. (Fre-
mont, California) uses a planar coil 122, as illustrated in
Figure 1A. However, the HDP series of plasma reactors
130 manufactured by Applied Materials, Inc. (Santa
Clara, California) uses a cylindrical coil 132, as shown in
Figure 1B. Different coil designs are also described in
the Flamm Patent and U.S. Patent No. 5,234,539 to John-
son (hereinafter "the Johnson Patent"). One terminal of

each coil is coupled to an electromagnetic energy source.
The electromagnetic energy source is typically operated
at radio frequencies. The coil and dielectric window per-
mit the transmission of electric and magnetic energy from
the electromagnetic energy source into the chamber. The
energy is used to ignite, or strike, and then power the
plasma created from a gas. Typically, the coil is designed
to make electrons in the plasma travel in a toroidal pattern
which has a radius about equal to the radius of the wafer.
The coil is also designed to excite the plasma so that it
will uniformly affect, such as etch, the wafer.
[0007] It is desirable to increase the amount of energy
transferred from the electromagnetic energy source to
the plasma. Hence, a variable-impedance-matching net-
work is inserted between the electromagnetic energy
source and the coil in order to achieve repeatable, con-
trolled delivery of energy to the plasma. The variable-
impedance-matching network is adjusted during plasma
reactor operation to enhance the energy transfer be-
tween the electromagnetic energy source and the plas-
ma.
[0008] To operate the reactor, the plasma must be first
ignited and then powered. The plasma is created from a
gas by igniting the gas with energy radiated from the coil.
Specifically, the plasma is ignited by accelerating free
electrons in the chamber into molecules of the gas. As a
result, the gas molecules are ionizes. If a sufficient
number of molecules are ionized, an avalanche effect is
created and the plasma is ignited.
[0009] Free electrons can be accelerated with electric
and magnetic fields. However, practically, only capacitive
electric energy can be used to ignite the plasma. The
force exerted on a free electron by the capacitive electric
energy in the chamber prior to ignition is much larger
than the force exerted by the magnetic energy. The force
from the magnetic energy is relatively small because its
strength is proportional to the velocity of the free elec-
trons, which is also small before the plasma is ignited.
[0010] Thus, the plasma is preferably ignited by an
electric field between the coil and a conducting wall of
the chamber. However, once the plasma is ignited, the
capacitive electric energy can have a detrimental effect
on the reactor. The capacitive electric energy causes in-
sulating material from the insulating liner to be sputtered
onto the dielectric window. As a result, the insulating liner
is depleted during the course of plasma operation. The
insulating material sputtered onto the window may fall off
and contaminate the wafer. Also, because the voltage is
not uniform across the coil, the amplitude of the capaci-
tive electric energy in the chamber and incident on the
wafer is also not uniform. Because some process param-
eters are dependent upon the amplitude of the capacitive
electric energy incident across the wafer, undesirable
variations of process parameters on the wafer may occur
during wafer processing in the plasma reactor. As a re-
sult, the structure and electrical performance of the inte-
grated circuits formed on the wafer may vary. Hence, the
manufacturing yield and cost of integrated circuits may
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respectively decrease and increase. Therefore, after ig-
nition, the plasma should be powered by magnetic ener-
gy, and the amplitude of capacitive electric energy inci-
dent upon the wafer should be uniform, or approximately
zero.
[0011] The Johnson Patent suggests suppressing the
capacitive electric energy in the chamber with a non-
magnetic conductor, known as a shield, which is placed
between the coil and the chamber. The shield may be
fully or partially coextensive with the surface of the coil.
The shield has slots, and is electrically grounded or float-
ing. The slots suppress eddy currents that circulate in
the shield and cause undesired energy dissipation. Ex-
amples of shield designs are found in the Johnson Patent.
[0012] The Johnson Patent discloses that the capaci-
tive electric energy from the coil is useful for striking the
plasma. Therefore, the Johnson Patent describes a sys-
tem with a mechanical shutter to vary the dimensions of
the slots in the shield. The mechanical shutter is opened
when the plasma is ignited. Because the slot dimensions
are increased when the shutter is opened, the capacitive
electric energy coupled from the coil into the chamber
increases. After the plasma is ignited, the shutters are
closed to reduce the amount of capacitive electric energy
supplied to the chamber.
[0013] The mechanical shutter disclosed in the John-
son Patent must be operated by a motor and a control
system. This technique is relatively complex, and may
be prone to reliability and repeatability problems. There-
fore, there is a need for a plasma reactor design that uses
a less complex design.
[0014] EP-A-0 810 816 discloses a plasma system
which is to be coupled to a power source, and plasma
system including a chamber defining an internal cavity
in which a plasma is generated during operation; a coil
which during operation couples power from the power
source into the plasma within the chamber, the coil having
first and second terminals; a first capacitor which is cou-
pled between the first terminal and a reference potential;
and a second capacitor connected to the second terminal
and through which the power source is coupled to the
second terminal.
[0015] EP-A-0 607 797 discloses a plasma reactor,
comprising:

an electromagnetic energy source;
a planar radiator coil having a first end and a second
end, the first end operatively coupled to the electro-
magnetic energy source through a first variable im-
pedance network that includes a pair of variable ca-
pacitors such that, the radiator, the electromagnetic
energy source, and the first variable impedance net-
work are coupled in series;
a chamber having a dielectric window that is proxi-
mate to the radiator; and
a shield positioned between the radiator and the win-
dow;

wherein a peripheral portion of the radiator that is not
covered by the shield is proximate to a conductive wall
of the chamber.
[0016] According to one aspect, the present invention
is characterised in that the shield is centrally positioned
substantially covering a surface of the radiator window;
the first variable impedance network comprises a first
variable capacitor connected between the electromag-
netic energy source and a node, a series fixed capacitor
connected between the node and the first end of the ra-
diator coil, and a variable shunt capacitor connected be-
tween the node and ground; and
the second end of the radiator coil is operatively coupled
to ground through a second variable impedance network.
[0017] Plasma reactor operation will now be de-
scribed. A plasma is ignited in a chamber with substan-
tially capacitive electric energy coupled from the radiator.
A variable impedance network is tuned so that the ca-
pacitive electric energy coupled into the chamber is di-
minished after ignition. The plasma is then powered with
substantially magnetic energy. As a result, the lifetime of
the plasma reactor is extended. Also, the cleaning and
down time of the plasma reactor is reduced.
[0018] In one embodiment, the chamber pressure is
set to be less than approximately eighty millitorr prior to
the ignition step. The chamber pressure is then set to be
less than approximately thirty millitorr after the ignition
step. A second variable impedance network is tuned up-
on varying the chamber pressure.
[0019] It is a benefit of the present invention that it re-
quires a less powerful and costly electromagnetic energy
source. It is also an advantage of the present invention
that it may be used in plasma reactors for both material
deposition and removal. Further features and advantag-
es of the present invention, as well as the structure and
operation of various embodiments of the present inven-
tion, are described in detail below with reference to the
accompanying drawings.

Brief Description of the Drawings

[0020] The present invention is described with refer-
ence to the accompanying drawings. In the drawings,
like reference numbers indicate identical or functionally
similar elements.

Figure 1A illustrates a cross-sectional diagram of a
prior art Lam TCP plasma reactor;
Figure 1B illustrates a cross-sectional diagram of a
prior art Applied Materials HDP plasma reactor;
Figure 2A illustrates a schematic diagram of a plas-
ma reactor;
Figure 2B illustrates a schematic diagram of a first
variable impedance network;
Figure 2C illustrates a schematic diagram of a sec-
ond variable impedance network;
Figure 2D illustrates a cross-sectional diagram of a
plasma reactor;
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Figure 3A illustrates a plot of electric potential versus
radiator position when a relatively high electric po-
tential exists between the exposed portion of the ra-
diator and the nearby conducting wall; and
Figure 3B illustrates a plot of electric potential versus
radiator position when a relatively low electric poten-
tial exists between the exposed portion of the radi-
ator and the nearby conducting wall.

Detailed Description of the Embodiments

[0021] In the following detailed description of the in-
vention, reference is made to the accompanying draw-
ings which form a part hereof, and in which is shown, by
way of illustration, specific embodiments in which the in-
vention may be practiced. In the drawings, like numerals
describe substantially similar components throughout
the several views. These embodiments are described in
sufficient detail to enable those skilled in the art to prac-
tice the invention. Other embodiments may be utilized
and structural, logical, and electrical changes may be
made without departing from the scope of the present
invention. The terms wafer and substrate used in the fol-
lowing description include any structure having an ex-
posed surface with which to form the integrated circuit
(IC) structure of the invention. The term substrate is un-
derstood to include semiconductor wafers. The term sub-
strate is also used to refer to semiconductor structures
during processing, and may include other layers that
have been fabricated thereupon. Both wafer and sub-
strate include doped and undoped semiconductors, epi-
taxial semiconductor layers supported by a base semi-
conductor or insulator, as well as other semiconductor
structures well known to one skilled in the art. The term
conductor is understood to include semiconductors, and
the term insulator is defined to include any material that
is less electrically conductive than the materials referred
to as conductors. The following detailed description is,
therefore, not to be taken in a limiting sense, and the
scope of the present invention is defined only by the
claims, along with the full scope of equivalents to which
such claims are entitled.
[0022] Figure 2A illustrates a schematic diagram of
one embodiment of the present invention, an inductively
coupled plasma reactor 100. The plasma reactor 100 in-
cludes a first electromagnetic energy source 102 coupled
to an electromagnetic radiator 106 through first and sec-
ond variable-impedance-matching networks 104, 116.
The electromagnetic energy source 102 emits radio fre-
quencies of less than one hundred megahertz. However,
other embodiments of the invention are envisioned that
operate at higher frequencies. The radiator 106 may be
a planar 122 or cylindrical 132 coil. The first variable-
impedance-matching network 104 includes a series var-
iable capacitor 202 coupled to a shunt variable capacitor
204 and a series fixed capacitor 206, as shown in Figure
2B. The second variable-impedance-matching network
116 comprises a variable capacitor 208, as shown in Fig-

ure 2C. However, other electrical network topologies may
be used for the first and second variable-impedance-
matching networks 104, 116.
[0023] The radiator 106 is positioned proximate to the
dielectric window 110 of the plasma reactor 100. A shield
108, such as a Faraday shield, is inserted between the
radiator 106 and the dielectric window 110. The shield
108 is designed so that it substantially covers the surface
of the radiator 106 that is near to the dielectric window
110, as illustrated in Figure 2D. In one embodiment, the
shield 108 is circular and has a diameter 170 at least one
half, but less than, the diameter 172 of a radiator 106 that
is a planar coil 122. As a result, only a relatively small
portion of the radiator 106 will be exposed through the
dielectric window 110 to a conductive wall of the chamber
112. The exposed portion of the radiator 106 is relatively
close to the conductive wall of the chamber 112. There-
fore, relatively little capacitive electric energy is required
to create an electric field necessary to ignite the plasma.
Thus, a less powerful and less costly electromagnetic
energy source 102 can be used in the plasma reactor
100.
[0024] A second electromagnetic energy source 118
may optionally be coupled to the wafer 114 in the cham-
ber 112. The second electromagnetic energy source 118
is used particularly in plasma etchers to control the di-
rection, and thus enhance the anisotropic nature, of the
etch.
[0025] The operation of the present invention will now
be described. Initially, a wafer 114, such as a semicon-
ductor substrate, is placed into the chamber 112. Then,
the electromagnetic energy source 102 is turned on.
Next, the first variable-impedance-matching network 104
is tuned to enhance the energy transfer between the elec-
tromagnetic energy source 102 and the radiator 106. Al-
so, the second variable-impedance-matching network
116 is tuned to vary the voltage-standing-wave on the
radiator 106 so that a relatively high electric potential 302
exists between the exposed portion of the radiator 106
and the nearby conductive wall of the chamber 112, as
shown in Figure 3A. In this case, for example, the variable
capacitor 208 would be tuned to a relatively low capaci-
tance value. The pressure of the gas in the chamber 112
is reduced to less than approximately 80 millitorr. Below
this pressure, enough particles are present in the plasma
reactor to permit an avalanche effect to be created by
electrons accelerated by the capacitive electric energy.
Thus, the capacitive electric energy coupled into the
chamber 112 by the radiator 106 ignites the plasma. Plas-
ma ignition is complete when the plasma is substantially
powered by magnetic energy. For example, when the
plasma ignition is complete, the plasma density is greater
than 1010 cm-3.
[0026] After plasma ignition, the pressure in the cham-
ber 112 is reduced to less than approximately 30 millitorr,
or whatever is desired for subsequent processing. Be-
cause the chamber pressure changes, the first variable
impedance network 104 may be retuned to enhance the
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energy transfer between the electromagnetic energy
source 102 and the plasma. When the plasma is nearly
fully powered, the plasma remains substantially powered
by magnetic energy and may have a density greater than
1011 cm-3. The second variable-impedance-matching
network 116 is also tuned, suddenly or slowly, to vary
the voltage-standing-wave on the radiator 106 so that
the region of relatively high electric potential of the radi-
ator 106 is repositioned to a portion of the radiator 106
that is electrically isolated from the chamber 112, or un-
exposed, by the shield 108, as shown in Figure 3B. After
ignition, the second variable-impedance-matching net-
work 116 may be tuned immediately or after a delay.
Thus, a relatively low electric potential 304 exists be-
tween the exposed portion of the radiator and the nearby
conducting wall. As a result, the deterioration of the
chamber 112 and semiconductor process is diminished.
In this case, for example, the variable capacitor 208
would be tuned to a relatively high capacitance value.

CONCLUSION

[0027] Although specific embodiments have been il-
lustrated and described herein, it will be appreciated by
those of ordinary skill in the art that any arrangement
which is calculated to achieve the same purpose may be
substituted for the specific embodiments shown. This
patent is intended to cover any adaptations or variations
of the present invention. Therefore, it is manifestly in-
tended that this invention be limited only by the claim.

Claims

1. A plasma reactor (100), comprising:

an electromagnetic energy source (102);
a planar radiator, coil (106) having a first end
and a second end, the first end operatively cou-
pled to the electromagnetic energy source
though a first variable impedance network (104)
that includes a pair of variable capacitors, such
that the radiator coil, the electromagnetic energy
source and the first variable impedance network
are coupled in series;
a chamber (112) having a dielectric window
(110) that is proximate to the radiator coil; and
a shield (108) positioned between the radiator
coil and the dielectric window;

wherein a peripheral portion of the radiator coil that
is not covered by the shield is proximate to a con-
ductive wall of the chamber;
characterised in that
the shield is centrally positioned substantially cover-
ing a surface of the dielectric window;
the first variable impedance network comprises a
first variable capacitor (202) connected between the

electromagnetic energy source and a node, a series
fixed capacitor (206) connected between the node
and the first end of the radiator coil, and a variable
shunt capacitor (204) connected between the node
and ground; and
the second end of the radiator coil (106) is operatively
coupled to ground through a second variable imped-
ance network (116).

2. The plasma reactor of claim 1, wherein the electro-
magnetic energy source operates at a frequency of
less than one hundred megahertz.

3. The plasma reactor of claim 1, wherein the chamber
comprises a dielectric liner.

4. The plasma reactor of claim 1, wherein the second
variable impedance network (116) is a variable ca-
pacitor (208).

5. The plasma reactor of claim 1, wherein the chamber
is adapted to hold a plasma that causes constituents
of precursor gases in the chamber to form a material
on a substrate in the chamber.

6. The plasma reactor of claim 1, further comprising a
plasma that removes material from a substrate
placeable in the chamber.

7. The plasma reactor of claim 1, further comprising a
second electromagnetic energy source (118) cou-
pled to a wafer (114) in the chamber.

8. A method of operating a plasma reactor (100) ac-
cording to any one of claims 1 to 7, comprising:

turning on the electromagnetic source (102);
tuning the first series variable capacitor (202)
and the variable shunt capacitor (204) of the first
variable-impedance-matching network (104);
tuning a second series variable capacitor (208)
of the second variable-impedance-matching
network (116) ;
igniting a plasma in the chamber (112) with sub-
stantially capacitive electric energy coupled
from, a radiator coil (106) into the chamber; and
powering the plasma with substantially magnet-
ic energy to complete ignition of the plasma such
that plasma ignition is complete when plasma
density is greater than 1010cm-3.

Patentansprüche

1. Plasmareaktor (100) aufweisend:

eine elektromagnetische Energiequelle (102),
eine planare Abstrahlspule (106) mit einem er-
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sten und einem zweiten Ende, von denen das
erste Ende über ein erstes Netzwerk (104) va-
riabler Impedanz, das ein Paar variabler Kon-
densatoren enthält, betriebsmäßig so an die
elektromagnetische Energiequelle gekoppelt
ist, dass die Abstrahlspule, die elektromagneti-
sche Energiequelle und das erste Netzwerk va-
riabler Impedanz in Reihe geschaltet sind,
eine Kammer (112) mit einem dielektrischen
Fenster (110) in der Nähe der Abstrahlspule,
und
eine zwischen der Abstrahlspule und dem di-
elektrischen Fenster angeordnete Abschirmung
(108),

wobei ein Umfangsabschnitt der Abstrahlspule, der
nicht von der Abschirmung bedeckt ist, nahe einer
leitfähigen Wand der Kammer liegt,
dadurch gekennzeichnet, dass
die Abschirmung die Oberfläche des dielektrischen
Fensters im Wesentlichen abdeckend mittig ange-
ordnet ist,
das erste Netzwerk variabler Impedanz einen zwi-
schen die elektromagnetische Energiequelle und ei-
nen Knoten geschalteten ersten variablen Konden-
sator (202), einen zwischen den Knoten und das er-
ste Ende der Abstrahlspule geschalteten festen Se-
rien-Kondensator (206) und einen zwischen den
Knoten und Masse geschalteten variablen Shunt-
Kondensator (204) aufweist, und
das zweite Ende der Abstrahlspule (106) über ein
zweites Netzwerk (116) variabler Impedanz be-
triebsmäßig an Masse gekoppelt ist.

2. Plasmareaktor nach Anspruch 1, wobei die elektro-
magnetische Energiequelle bei einer Frequenz von
weniger als einhundert Megahertz arbeitet.

3. Plasmareaktor nach Anspruch 1, wobei die Kammer
eine dielektrische Auskleidung aufweist.

4. Plasmareaktor nach Anspruch 1, wobei das zweite
Netzwerk (116) variabler Impedanz ein variabler
Kondensator (208) ist.

5. Plasmareaktor nach Anspruch 1, wobei die Kammer
zur Aufnahme eines Plasmas eingerichtet ist, das
bewirkt, dass Bestandteile eines Vorläufergases in
der Kammer ein Material auf einem Substrat in der
Kammer ausbilden.

6. Plasmareaktor nach Anspruch 1 mit einem Plasma,
das Material von einem in der Kammer anzuordnen-
den Substrat entfernt.

7. Plasmareaktor nach Anspruch 1 mit einer zweiten
elektromagnetischen Energiequelle (118), die an ei-
nen Wafer (114) in der Kammer gekoppelt ist.

8. Verfahren zum Betrieb eines Plasmareaktors (100)
nach einem der Ansprüche 1 bis 7, aufweisend:

Einschalten der elektromagnetischen Energie-
quelle (102),
Abstimmen des ersten variablen Serien-Kon-
densators (202) und des variablen Shunt-Kon-
densators (204) des ersten Netzwerks (104) zur
variablen Impedanzanpassung,
Abstimmen eines zweiten variablen Serien-
Kondensators (208) des zweiten Netzwerks
(116) zur variablen Impedanzanpassung,
Zünden eines Plasmas in der Kammer (112) mit
im Wesentlichen kapazitiver elektrischer Ener-
gie, die von der Abstrahlspule (106) in die Kam-
mer eingekoppelt wird, und
Treiben des Plasmas mit im Wesentlichen ma-
gnetischer Energie zur vollständigen Zündung
des Plasmas, so dass die Plasmazündung voll-
ständig ist, wenn die Plasmadichte größer als
1010 cm-3 ist.

Revendications

1. Réacteur à plasma (100), comprenant :

une source (102) d’énergie électromagnétique ;
une bobine rayonnante planaire (106) ayant une
première extrémité et une deuxième extrémité,
la première extrémité connectée opérationnel-
lement à la source d’énergie électromagnétique
à travers un premier réseau (104) d’impédances
variables qui comporte une paire de condensa-
teurs variables, de sorte que la bobine rayon-
nante, la source d’énergie électromagnétique et
le premier réseau d’impédances variables sont
couplés en série ;
une chambre (112) ayant une fenêtre diélectri-
que (110) qui est proche de la bobine
rayonnante ; et
un blindage (108) positionné entre la bobine
rayonnante et la fenêtre diélectrique ;

dans lequel une partie périphérique de la bobine
rayonnante qui n’est pas couverte par le blindage
est proche d’une paroi conductrice de la chambre ;
caractérisé en ce que
le blindage est positionné de manière centrale en
couvrant essentiellement une surface de la fenêtre
diélectrique ;
le premier réseau d’impédances variables comprend
un premier condensateur variable (202) connecté
entre la source d’énergie électromagnétique et un
noeud, un condensateur fixé en série (206) connecté
entre le noeud et la première extrémité de la bobine
rayonnante, et un condensateur shunt variable (204)
connecté entre le noeud et la terre ; et
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la deuxième extrémité de la bobine rayonnante (106)
est opérationnellement couplée à la terre par le biais
d’un deuxième réseau d’impédances variables
(116).

2. Réacteur à plasma de la revendication 1, dans lequel
la source d’énergie électromagnétique fonctionne à
une fréquence de moins de cent mégahertz.

3. Réacteur à plasma de la revendication 1, dans lequel
la chambre comprend un séparateur diélectrique.

4. Réacteur à plasma de la revendication 1, dans lequel
le deuxième réseau d’impédances variables (116)
est un condensateur variable (208).

5. Réacteur à plasma de la revendication 1, dans lequel
la chambre est adaptée pour maintenir un plasma
qui amène des constituants de gaz précurseurs dans
la chambre à former une matière sur un substrat
dans la chambre.

6. Réacteur à plasma de la revendication 1, compre-
nant en outre un plasma qui enlève de la matière
d’un substrat que l’on peut placer dans la chambre.

7. Réacteur à plasma de la revendication 1, compre-
nant en outre une deuxième source (118) d’énergie
électromagnétique couplée à une plaquette (114)
dans la chambre.

8. Procédé d’exploitation d’un réacteur à plasma (100)
selon l’une quelconque des revendications 1 à 7,
comprenant :

mettre en marche la source électromagnétique
(102) ;
accorder le premier condensateur variable série
(202) et le condensateur shunt variable (204) du
premier réseau (104) de correspondance d’im-
pédances variables ;
accorder un deuxième condensateur variable
série (208) du deuxième réseau (116) de cor-
respondance d’impédances variables ;
allumer un plasma dans la chambre (112) avec
essentiellement de l’énergie électrique capaci-
tive couplée de la bobine rayonnante (106) à
l’intérieur de la chambre ; et
alimenter le plasma avec essentiellement l’éner-
gie magnétique pour compléter l’allumage du
plasma de sorte que l’allumage du plasma est
complété lorsque la densité du plasma est su-
périeure à 1010 cm-3.
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